The effect of methylprednisolone sodium succinate treatment on Bacillus Calmette-Guerin (BCG) immunization was examined in alveolar macrophages of New Zealand White rabbits. Intravenous BCG injection caused a marked increase in cell number and in the hexosemonophosphate shunt activity. There was also a selective augmentation in the activity of acid phosphatase and f-glucuronidase and an increase in lysosomal density. Activity of the lysosomal phospholipases was decreased. Steroid treatment suppressed the BCG-induced increase in cell number, hexosemonophosphate shunt activity, acid phosphatase, and 3-glucuronidase, and prevented the increase in lysosomal density. On the other hand, steroid treatment increased the activity of the phospholipases to levels higher than either control values or those obtained with cells from BCG-treated rabbits.
Cohn and Wiener (7) demonstrated the separation of lysosomes from mitochondria obtained from alveolar macrophages of Bacillus CalmetteGuerin (BCG)-induced rabbits by isopycnic sucrose gradient centrifugation. Franson and Waite (manuscript in preparation) compared the lysosomes of alveolar macrophages obtained from control and from BCG-stimulated animals by isopycnic sucrose gradient centrifugation and found that the former sedimented with the mitochondria, whereas the latter sedimented in a denser fraction similar to that reported by Cohn and Wiener (7). Myrvik et al. (15) earlier reported certain changes in the alveolar macrophage metabolism mediated by BCG immunization. They noted increases in the activities of certain lysosomal enzymes: acid phosphatase, f3-glucuronidase, and lysozyme, as well as a significant elevation in the hexose monophosphate shunt activity, as measured by glucose-1-14C oxidation. Subsequently, McCall et al. (3) demonstrated that the administration of methylprednisolone sodium succinate suppressed the BCG-mediated increase in glucose-1-L4C oxidation.
This study was undertaken to determine the effects of methylprednisolone on other BCGmediated changes in the alveolar macrophage, the increase in lysosomal density, and the increases in the enzymatic activities of acid phosphatase and 3-glucuronidase. The present comunication extends previous work in demonstrating that methylprednisolone will likewise suppress the BCG-induced changes in lysosomal density and the activity of some, but not all, lysosomal enzymes. Lungs were lavaged with 80 ml of isotonic saline, followed by two washes with the same medium. Contaminating red blood cells were lysed for 20 sec with deionized water, and the suspension was brought to isotonicity with 3.5% saline. The suspension was centrifuged, and the pellet was suspended in 0.25 M sucrose in a ratio of 1 ml of packed cells to 8 ml of 0.25 M sucrose. Homogenization (30 strokes) was carried out with a tight-fitting Dounce homogenizer. Nuclei, cell debris, and the remaining intact cells were sedimented by centrifugation of the homogenate at 1,000 X g for 15 min. Four milliliters of the supernatant solution were layered above a linear sucrose gradient (0.73 M to 1.61 M in 24 ml), which was cushioned with 6 ml of 1.93 M sucrose. The samples were placed in a Beckman SW25.1 swinging bucket rotor and centrifuged at 24,000 rev/min (64,000 X g) for 2 hr in a Spinco model L ultracentrifuge. At the end of the isopycnic sucrose gradient centrifugation, the bottom of the centrifuge tube was punctured, and fractions were collected from the top of the gradient by pumping 1.93 M sucrose from below. The fraction layered over the gradient (4 ml) was pumped off, and thereafter nine fractions of 3.0 ml each were collected. The density of the gradient fractions was measured for each experiment with a Bausch and Lomb refractometer. Cytochrome oxidase and reduced triphosphopyridine nucleotide (TPNH) cytochrome c reductase assays were performed on samples as they came from the gradient. For the other enzyme assays, the samples first were dialyzed for 12 hr against 8 liters of 1 mm sodium acetate (pH 5.0) to rupture the lysosomes and to remove sucrose. Assays including Triton X-100 revealed no latent enzymatic activity.
MATERIALS AND METHODS
Enzyme assays. Hexosemonophosphate shunt activity (HMS), as estimated by the evolution of 14CO2 from glucose-1-14C, was examined in intact cells by a modification of a method previously described (8) . A comparison was made of activities in resting cells and in cells stimulated by the addition of 0.15 ml of latex particles (0.8 ,um in diameter). Each incubation flask contained 1.55 ml of phosphate-buffered saline (PBS), 0.10 ml of glucose-1-'4C (0.20 ,Ci), 0.20 ml of 80 mg% D-glucose, and 0.15 ml of PBS or latex (at a ratio of 100 particles per cell). The reaction was initiated by the addition of 5 X 106 cells in a volume of 1.0 ml and terminated with 1 ml of 5%o trichloroacetic acid after incubation at 37 C for 1 hr. 14CO2 released during the course of the incubation was trapped in hydroxide of hyamine and counted in a Packard scintillation counter.
Phospholipase A was assayed by the procedure of Waite and van Deenen (21) . Phospholipases A1 and A2 (E.C. 3.1.1.4, lysosomal), respectively, hydrolyze the fatty acid ester linkages in the C-1 and C-2 positions of phospholipids to yield the monoacyl analogues and free fatty acids. Reaction mixtures in a total volume cf 1.0 ml contained 75 nmoles of 1-acyl-2-["CJ-linoleoyl-3-glycerophosphorylethanolamine (12, 000 counts per min added as an aqueous ultrasonic suspension), 2 ,umoles of ethylenediaminetetracetic acid (EDTA), 100 ,moles of sodium acetate buffer (pH 4.0), and 25 to 100 Ag of protein. Reaction mixtures were incubated at 37 C for 1 hr, and the reaction was terminated by the addition of two volumes of methanol. The products were extracted by the method of Bligh and Dyer (4), and the radioactive lipids were separated by thin-layer chromatography on Silica Gel G plates by successive development in chloroform-petroleum ether (boiling point, 53-75 C)-acetic acid (70: 32:2, v/v/v) and in chloroformmethanol-H20 (70:30:4, v/v/v). The lipids were visualized with 12 vapor, and the silicic acid containing the radioactive products was counted in a NuclearChicago Corp. scintillation counter.
Cytochrome oxidase (E.C. 1.9.3.1, mitochondrial) and TPNH cytochrome c reductase (E.C. 1.6.99.1, microsomal) activities were determined by a modification of the method of Sottocasa et al. (18) . Cytochrome c (type VI) was reduced by the additicn of sodium borohydride, and the solution was neutralized with 0.5 N hydrochloric acid. 3-Glycerophosphate was used to determine the activity of acid phosphatase (E.C. 3.1.3.2, lysosomal), as described by Gianetto and deDuve (10) . Inorganic phosphate was measured by the turbidimetric procedure of Eibl and Lands (9) . ,B-Glucuronidase activity (E.C. 3.2.1.3, lysosomal) was measured by Canonico's and Bird's modification (5) of the method of Talalay et al. (19) . Protein was determined by the method of Lowry et al. (12) , by using bovine serum albumin as a standard. Table 1 shows the HMS activities of alveolar macrophages from control and treated animals. Phagocytosis in normal cells caused a 1.8-fold increase in 14CO2 evolution over resting values. Steroid treatment alone did not alter the oxidation of glucose-1-'4C significantly. Although the resting and phagocytizing values for steroidtreated animals are slightly higher than the normal control values, the phagocytizing-to-resting (P-R) ratio of 1.7 is comparable to the normal control value. Cells from BCG-induced animals exhibited a marked increase in both resting and phagocytizing states, with an overall P-R ratio of 4.0. The BCG-steroid-treated animals yielded a P-R ratio that was lower than the control at both doses studied. It was not possible to compare absolute values from experiment to experiment due to the biological variations. The tabulated values in these experiments, as well as those in Table 2 , are taken from one study, which is representative of the trends observed in three different experiments.
RESULTS
The protein content and the specific activities of acid phosphatase, ,-glucuronidase, and phospholipases Al and A2, and the cytochrome oxidase INFECT. IMMUNITY of homogenates are collated in Table 2 . There was an increase in the specific activities of acid phosphatase (2.2-fold) and f-glucuronidase (1.5-fold). In contrast to the increase in activity of acid phosphatase and f3-glucuronidase, the specific activities for the two phospholipases and cytochrome oxidase were lower in the BCGtreated animals than in the control animals. Steroid treatment alone did not alter the activities of acid phosphatase or ,B-glucuronidase, but it caused an increase in the specific activity of both phospholipases. The enzymatic activities from BCG-steroid-treated alveolar macrophages for both doses of steroid were comparable to control values. Biological variations made it difficult to compaie the absolute values obtained from different experiments. The distributions of acid phosphatase, ,B-glucuronidase, phospholipases Al and A2, cytochrome oxidase, and TPNH cytochrome c reductase are presented in Fig. 1 marker enzymes (acid phosphatase and f3-glucuronidase) distributed in the same pattern as cytochrome oxidase, a mitochondrial marker enzyme. Most of the activity was found in fractions 4 to 6 (average sucrose density, 1.18). Treatment with BCG increased the lysosomal density, and the lysosomal marker enzymes were recovered primarily in fractions 7 and 8 (average sucrose density, 1.23), whereas the position of cytochrome oxidase in the gradient did not change. This BCG-induced shift was completely suppressed in the BCG-steroid-treated animals at both levels of steroid used. Fig. 1 and 2 in the immunologic response to BCG injection, there is an activation process whereby the lysosomes within the macrophages increase in number and change in morphology (11, 17) . Vaccination with BCG increases the activity of many, but not all, acid hydrolases contained within these granules. Associated with this activation process is a selective increase in density of the lysosomes compared with rat liver lysosomes (2, 3, 7) and with normal macrophage lysosomes (Franson and Waite, manuscript in preparation). As shown in this study, steroid treatment of BCG-vaccinated animals also seems to exert a selective effect; it suppresses the BCG-induced increase in lysosomal density without altering the mitochondrial or microsomal density. In connection with the suppression of the density increase, steroid also inhibits the increase in specific activities of only certain lysosomal enzymes of BCGvaccinated animals. Although at this time the basis of this specificity is not known, some possibilities exist. The It is not known whether the steroid effects on lysosomal density, cell number, and enzyme activity are mediated by the same mechanism as the effects on HMS activity. It is possible that the steroid exerts at least two independent effects, one affecting HMS activity and one affecting lysosomal density. It is likewise possible that both effects result from a single initial event, e.g., an interference with the effect of macrophageinhibiting factor.
